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Control. - 
Wire t o  r s io  n 
and magnetic 
Ditto 
Elastic (bifilar) 
Ditto 
Magnetic 
XX. On Vibration Galvanometers with Unifilar Tors;ional 
Control. By ALBERT CAMPBELL, B.A. 
RECEIVED APRIL 11, 1913. READ APRIL 11, 1913. 
IN vibration galvanometers, whether of moving-circuit or 
moving-magnet type, the control torque employed has usually 
been either elastic or magnetic, or a combination of both. I 
am not aware that either gravity or electrostatic control has 
been utilised in any types. The following Table gives the 
outstanding features of the more familiar forms of vibration 
Final tuning by 
Displaaement of 
magnet poles 
Ditto 
Alteration of \\.ire 
tension 
Ditto 
Alteration of field 
by m a g n e t i c  
galvanometers :- 
Moving iron ... 
Moving magnet 
Moving circuit 
Moving circuit 
Moving iron ... 
Dasignation. 
1. Rubens, 1896 Polar coilR... ... 
Electromagnet 
Moving coil.. . 
Movingloop ... 
Fixed coil ...... 
2. Wien, 1901 ... 
3. Campbell, 1907 
4. Duddell, 1909. 
5. Drysdale, 1910 
Type. 1 Current circuit 
In order t o  obtain the full sensitivity in a vibration galvanb- 
meter it is essential to be able to vary the natural period of the 
vibrating system very gradually so as to get very fine tuning. 
It will be seen Irom the above Table that in different types the 
final tuning is done in a variety of ways. In  the unifilar gal- 
vanometers of Rubens and Wien, although the control is largely 
due to the torsion of a wire, the final adjustment is made by 
slight alteration of the magnetic field. Some time ago I dis- 
covered that, if a single strip (of hard phosphor bronze) is used 
instead of a wire, the torsional control can be varied to a large 
extent by merely altering the tension of the strip. In fact 
the strip behaves like a bifilar suspension, and the tuning can 
be done with great exactness by first adjusting the effective 
length with a sliding bridge, and then making the fine adjust- 
ment by altering the tension. 
I find that this property of certain strips, which has proved 
so useful, has also been noticed by Prof. L. R. Wilberforce, and 
investigated recently by Mr. H. Pealing (" Phil. Mag." p. 418, 
Vol. 28, March, 1913). Mr. Pealing gives examples of 
strips in which the torsional rigidity was increased by 40 to 
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50 per cent. by heavy loading ; he finds that the anomalous 
effect is removed by annealing, and he attributes it to over- 
strains during the process of manufacture. 
I have used the new system of unifilar tuning both in moving- 
coil and moving-iron vibration galvanometers, and find it very 
convenient. In  the moving-coil type the coil is made quite 
detachable, having contact hooks a t  top and bottom, which are 
caught by minute hooks on the ends of the upper and lower 
strips. The sensitivity of such a galvanometer depends a good 
deal on the size of mirror which is consideredsufficient. With 
a mirror of 15 sq. mm. area a sensitivity a t  100 cu per second of 
50 mm. a t  the meter distance per microampere is obtained, the 
effective resistance being about 700 ohms. Very good sensitivity 
can be obtained (at low frequencies) with strips of only 1 em. to 
2 em. length, and the instrument thus can be of very moderate 
height. 
The unifilar tuning is also successful for galvanometers of the 
moving-iron type. The moving iron map be in various forms- 
for example, in small permanent magnets (like Wien’s) or in a 
polarised thin strip, as in one of Blondel’s oscillographs. Mr. 
Pealing observed that continued tension for some weeks 
gradually diminishes the anomalous effect. I have had one 
galvanometer under full working tension for five or six weeks, 
and it is still behaving very well ; but further observation on 
this point is desirable. 
ABSTRACT. 
The Author exhibited a moving-coil vibration galvanometer in 
which a novel principle is used to obtain the fine adjustment of the  
control torque requisite for accurate tuning. He has found that in a 
phosphor-bronze strip under tension the torsional rigidity is con- 
siderably increased as the tension is raised. This anomalous 
behaviour of such strips has also been noticed by other observers 
(H. Pealing, “Phil. Mag,,” March, 1913). If unifilar (strip) sus- 
pensions are used in a vibration galvanometer (whether of moving- 
coil or moving-iron type) the tuning can be done in just the same way 
as with bifilar suspension. In’ the moving coil instrument minute 
hooks on $he ends of the strips engage in contact hooks a t  the top and 
bottom of the coil, which is easily detachable. 
With a mirror of 15 sq. mm. area, a t  100~0 per second, a sensi- 
tivity of 50 mm. a t  a metre per microampere can be obtained, the 
effective resistance being about 700 ohms. 
DISCUSSION. 
Prof. T. MATHER asked Mr. Campbell if he did not think the variation 
of period I V ~ R  possible bccituse of the bifilar behaviour of a flat, strip. 
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Prof. C. H. LEES remarked that it seemed natural to expect a strip to 
behave like a bifilar. He thought Pealing’s dismissal of this explanation 
would only be valid in the case of long strips. 
The AUTHOR, in reply, stated that to some extent the result must 
certainly be due to bifilar behaviour. The effect due to this cause de- 
creased as the length of the strip increased. In his own case where the 
length was only about 1 om. it was probably large, but he did not think 
that this could be the whole explanation of the results in Pealing’s 
experiment where a length of 40 cm. was used, 
